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1 Introduction

The demandsof high quality digital audio ap-
plication are nov being popular The standard-
ized MPEG format of audiocompressiorschemes
is oneof the solutionfor high-qualityaudiotrans-
mission within the pastfew years. During that
time, MPEG-1Layer 3 (MP3) hasbecomehe au-
dio compressiorstandardisedon the Internet.

The basicelementsof the MP3 decodingalgo-
rithmsareroughlydividedinto severalsectionshit
streandemultiplex, Huffmandecodingof thespec-
tral values, requantizationand frequeng-to-time
mapping. Fig. 1 shows the aow of decodingpro-
cess. Frequeng-to-time mappingis realizedvia
hybrid £lter banksin MP3. The algorithm starts
by mappingthe time signal to the frequeny do-
main. Huffman encodingperformsredundanyg re-
ductionof thequantizedspectradata.Finally, side
informationandaudiodataaremultiplexedinto an
MPEG bit stream.

Inside the decoder the £lter bank is the most
time-consumingalgorithm section,while the T/F
mappingranksasthe mostcomple ontheencoder
side. Sectionsof similar complity arethe psy-
choacoustienodelandthe quantizatiorstage.The
basicoperatiorbehindefEcientimplementationss
a fastFourier transform(FFT) butteray Because
of roundingerrorsof 1/2 leastsigni£canbit (LSB)
in eachstageof thetransform,theres a theoretical
lossof accurag of 4.5bitsin thetransform.A min-
imum width of 20 bits in the datapathis required,
with 24 bits beingbetter to reachthe full dynamic
rangeof a CD’s native 16-bit dataformat without
ary lossin accurag.

Therearedifferentrequirementgor the encoder

control path. The calculation of the masking
thresholdsn the psychoacousticnodeldealswith
enepgies per scalefactor The precisionrequire-
mentsare much lower thanfor the datapath. On
the other hand, the dynamicrangeof enepiesis
muchhigherthanin the datapath.

The amountof memory dependson the eff-
cieng of the implementation. Some research
shaws that about4k words of RAM for 1/0O and
processingouffers are sutEcientfor MPEG Layer
3 in stereomode. For Huffman tables,quantizer
tables,twiddle factors,polyphasewindow coet-
cientsandthelike, about3 k words of dataROM
arerequired.The computationapower very much
depend®ntheefEcieny of theinstructionsetand
theunderlyingprocessoarchitecture.

Each algorithm phasementionedabore places
specitaemand®nthearchitecture For example,
the basicinstructionfor digital signal-processing
algorithmsis the multiply-accumulatgd MAC) op-
eration. Most DSP executesa MAC operationin
a singleclock cycle. To meetthe computatiorre-
guirementa DSPis the betterchoice. BxasInstru-
mentdnc.snew C55xxdevice, for example,comes
with adualMAC. It would have beenwiseto fore-
seeamodethatwould coupleboth 16-bit MACsin
suchaway thata 32 x 32 MAC couldexecutein a
singleclock cycle.

Besidethe DSR a generalpurposemicrocon-
troller is neededlt dealswith the datatransferbe-
tweenoashmemory I/O interfaceand DSP The
performanceof this controlleris notthe bottleneck
dueto thelow speeddf I/0O andcontrol.



2 Regquirements

The MP3 player is one of portable consumer
product. Thatmeanst shouldbelight, low power
and novel aswell aslow cost. Thereare mary
brandsof MP3 playeron the market. Comparing
with them, our productshould meetthe samere-
guirementandfeatureto competewith otherrival
commodities.A 64MB cashmemoryis the mini-
mal requirement.lt canstoreabout10to 15 MP3
audio£les. An extendingstoragemediais better
but the costandcompleity shouldbe alsoconsid-
ered. To download and managethe internal @ash
storagea hostsystemis required. Most products
usethe PCasthe hostsystem,anda USB connec-
tionis apopularconsiderationLik esthetraditional
CD player or walkman, a simple LCD displayer
with a few digits and several bottomsfor control-
ling arealsotherequirement.The wired earphone
is the basiccomponenbf player But thewireless
earphonds more attractve. The bluetoothhead-
setis a good choice. The proposedMP3 player
supportsthe bluetoothheadsewith the bluetooth
supportingmobile phone.Whenthe phonegetting
a call, the headsetan switch to phonefrom MP3
player automatically The inputs contains4 but-
tonsthat are Play/Paver key, Stop,andtwo func-
tion keys. The function keys canselectthe sound
effectandtimer. Fig. 4 shavstheblock diagramof

MPEG Auydio Stream

this system.
Name PortableMP3 Player
Purpose Playingthe MP3 audio£fle
Inputs 4 buttons
Outputs eraphoneandBluetoothheadset
Function Decodethedigital audio

SystemConnecwity | USB1.1
SystemCompatibility | PCandMAC
ManufacturingCost | $100US

Power Source AA BatteryX 2
Physical Size 10cmX 7cmX 2cm
PCM Samples Weight lessthan200g

Figurel: Thermow of MP3decoding. 3 HardwareArchitecture

Considerthe internal architectureof our MP3
player It containssuchbasicfunctionsasanexter-
nalinterface,the embeddednemory digital signal
processor(DSPANdCPU. The externalinterfaceis
typically aUniversalSerialBus. Themashmemory



usedto storethedigital musicwill vary depending
on the actualplayer The MPEG3decodelimple-
mentedby theDSPdecompresseabedatastoredin
the mashmemoriesto createthe audiobit stream,
which the audiocircuitry corvertsfrom the digital
audiobit streamto analoganddrivesthe external
spealers.

The embeddednemorycontainsthe ROM and
SRAM. The ROM storesthe datafor encodingthe
MP3. 4k word of sizeis sufEcient.And the SRAM
storesthe temporarydataduring the process.The
SRAM sizeis also4k words.

The MPEG decodingis the most computation-
consumingprocessTherearemary analysisabout
the performancerequirementduring the different
quality andalgorithm. In generalwe needat least
10 MIPSto 20 MIPS computatiorpower to handle
thedecodingaswell asthe soundeffect. TI's DSP
TMS32C54seriesprovide 80MIPSto 160 MIPS.
Furthermoretherearecompletesupportingn soft-
ware and peripheral. Using the TI's DSP canre-
ducethetime-to-marlet andthe cost

music. Whenit in dowvnload mode,the systemis
connectedo hostthroughthe USB. The8051con-
troller recevesthedatafrom USB transcever. And
then 8051 writes the datainto the mashmemory
At the sametime, othercomponentsn systemare
in halt mode. Only the LCD displayindicatesthe
stateof download mode. After downloadingthe
digital music, userscan push the play button to
startthe playing process. The controller enables
the DSPto startthedecodingprocessThe buttons
andLCD areavailablecontrolledby the 8051dur
ing theplaying. The DSPfetcheshe datastoredin
Flashmemoryand ROM, anddecodegshe MPEG
datato wave data.The SRAM canstorethetempo-
rary datain process.Whenplaying the music,the
bluetoothmoduleare alsoin working. Userscan
usethe headseto receve the the wave throughthe
bluetooth.Fig. 4 andFig. 4 describeheaow.

Bluetooth

The bluetoothheadsetlementghetroublesome
wire of traditionalearphonelt letyoufreefromthe
MP3playeritself. It is corvenientto sharehesame

headsetwith themobilephonedueto the bluetooth

is a matureproduct. Whenyou getting a phon

call, youdo notneedto pausehe MP3 player The
headsetanswitchto thephoneautomaticallywith-
outtouchingyour player

Finally, the CPU connectdo the userinterface,
display and buttons, and it also controlsthe op-
erationof the MP3 player The performancere-
quirementof CPU is lower then DSP The maxi-
malbandwidthof microcontrolleiis theinterfaceto
USB transceierandFlashmemory Thefull speed
of USB 1.1 is 20Mbpsor 2.5MB. And the write
operationof sashmemoryis slowerthanROM and
SRAM. Dueto thelower performanceequirement,
we canselectalow-endmicroprocessowith lower
cost. The 8051 seriesis a betterchoicein costand
performanceatio.

Fig. 4 shavsthe detailhardwarearchitecture.

4 Software Architecture

Theoperatiormodeof MP3 playercontaingwo
mode: download digital audio dataand play the
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Figure2: Theblock diagramof MP3 Player

5 Cost estimation

Theoverall costshouldbe $100to $200asa bet-
ter competitve price. We canestimateour product
roughly The Table 1 illustratesthe costof each
component.
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Figure 3: The software architecturein download
mode.

In playing mode
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Figure5: MP3 playerhardwarearchitecture.

Tablel: Thecostestimationof every component.

LCD & Buttons DAﬂi

Type Description Pricein $US

Bluetooth Modul% DSP TMS32C45xx 10

CPU 8051 2

8051 DSP

E Ej Flash 64MB 30
SRAM andROM | 4k/4k 10

Bluetoothmodule 5

Flash Memor [ SRAM J [ ROM } USB transcever PhlllpS PDIUSBD12| 2
D LCD andother 10
Total 70

Figure 4. The software architecturein playing
mode.




